The paper examines the asymmetries in size, value and momentum premiums over the economic cycles in the UK and their macroeconomic determinants. Using Markov switching approach we find clear evidence of cyclical variations of the three premiums, most noticeably variations in size premium. We associate Markov switching regime 1 with economic upturn and regime 2 with economic downturn. The macroeconomic indicators prompting such cyclicality the most are growth in industrial production, term structure, credit spread and money supply. Using forecast returns from our model and a trading strategy that alternates between size/style/momentum portfolios and risk-free rate, we show that exploiting cyclicality in premiums proves particularly profitable for portfolios featuring small cap stocks in recessions.
Introduction
Since Fama-French (1993) and Carhart (1997) related a small cap premium (small-minus-big company returns (SMB)), value premium (high book to market minus low book to market ratio stock returns (HML)) and momentum premium (winner minus loser stock returns (UMD)) to excess returns, a vast body of literature that analyses determinants of those premiums has emerged. While, for instance, DeBondt, Werner, & Thaler (1985) and Daniel, Hirshleifer, & Subrahmanyam (1998) argue that the value premium arises due to the overreaction of investors, a number of academic studies points that the value and size premium are proxies for some non-diversifiable risks not captured by the standard CAPM model, such as risks resulting from variations in macroeconomic factors (see Kelly, 2003; Liew & Vassalou, 2000; Petkova, 2006; Vassalou, 2003; Zhang, Hopkins, Satchell, & Schwob, 2009; Black and McMillan, 2005; Gulen Xing, & Zhang, 2008 , Kim et al., 2012 and Perez-Quiros & Timmermann, 2000 .
The literature on variety of macroeconomic sources that can cause asymmetries in expected returns of value, small cap and winner portfolios over different phases of business cycle focuses predominantly on the US market. It shows evidence that value portfolio returns respond more to the changes of interest rates and money supply over the recessionary period than expansionary period, supporting the asymmetric behaviour of returns over economic phases (Black and McMillan, 2005) . Three distinct sources, namely, costly reversibility, operating leverage and financial leverage have been identified as the sources of relative inflexibility of value firms in mitigating recessionary shocks. Hence these firms are riskier in recessions leading to higher expected value premiums. First, costly reversibility implies the higher cost of firms' to scrap down the scale of productive assets than to expand. Value firms want to disinvest more in economic downturn because their assets are less profitable than those of growth firms; such disinvesting is less important for growth firms (Gulen et al., 2008) . Since disinvesting is restricted by costly reversibility, the fundamentals of value firms are affected more severely than the fundamentals of growth firms in economic downturn when the credit market conditions are bad. In similar spirit, Gala (2005) argues that investment irreversibility plays a vital role in explaining the size effects in stock returns and their relation to risk and firms' fundamentals. Second, when the demand of the product of a firm decreases, the stock price of corresponding firm also decreases. This stock fall is in-line with fall in book values and revenues falls relative to average values of the corresponding firm. However, the stock prices and revenues of value firms fall more relative to book values and average level, respectively, the value firms ought to have higher operating leverage than growth firms. Moreover, fixed costs of firms do not decrease proportionally with revenues in economic downturn; and hence the earnings (revenue minus fixed and variable costs) will decrease more than proportionally relative to revenues. This operating leverage mechanism will have adverse effect on value firm by the negative aggregate shocks during economic downturn as suggested by Gulen et al. (2008) . Third, Livdan, Sapriza, & Zhang (2009) find that value firms are characterized with higher financial leverage and investors require higher expected returns to hold higher levered stocks during economic downturn when the value firms are more exposed to the financial constraints.
Investigation into the small and large size firms reveals their sources of finance are different implying they should be affected differently by credit market constraints. Perez-Quiros & Timmermann (2000) argue that worsening credit market conditions in the economic downturns have an adverse effect of on the small cap firms. Chan & Chen (1991) prove that characteristics of a firm rather than its size matter for the size premium. Specifically, they find a large proportion of marginal firms (with lower production efficiency and higher financial leverage) in the small cap portfolio. Since marginal firms have lost market value because of the poor performance, while having higher financial leverage and cash flow problems; their price tends to be more sensitive to the economic states. Similar is confirmed more recently by Kim & Burnie (2002) .
Firms with recent prior positive return (past winners) are likely to have had relatively more positive growth rate shocks in comparison with the firms with recent prior negative return (past losers), ceteris paribus. Johnson (2002) argues that stock price is a convex function of expected growth, meaning that risk increases with growth rates and hence the stock returns supposed to be more sensitive to the changes in expected growth during the higher expected growth regime. In the case of positive risk premium -expected returns increase with growth rates. Hence, past winners (past losers) tend to have higher (lower) growth rate changes in the recent past, as well as higher (lower) subsequent expected returns (Kim, et al., 2012) . Maio & Santa-Clara (2011) identify three different sources of risk that might explain the momentum anomalies: time varying betas, reinvestment risk and a common macroeconomic variableinterest rates.
The focus of the attention in this search for macroeconomic determinants of varying value, size and momentum premiums over business cycles has by and large been on the US market.
Using size, value and momentum factors data from Gregory, Tharyan, & Christidis, (2013) and Markov-switching model methodology, this paper seeks to contribute to the literature by providing the first comprehensive study of the effect of a set of relevant macroeconomic variables on those premiums in the UK market over varying economic regimes. The Markov Switching framework of this study is closely related to Perez-Quiros & Timmermann (2000) and Gulen et al. (2008) , where the former investigate the systematic difference in variation of size premium while the latter focuses on variations in value premium over the business cycles. This study, however, scrutinizes the relative difference in change between size, value and momentum premium over business cycles impacted by the variation in their responsiveness to macroeconomic variables during different economic phases. In addition, to the best of our knowledge, this is the first study that examines how all three equity premiums are impacted by macroeconomic factors during the recent financial crisis in the UK. We also test statistical forecasting accuracy of our model to predict size/style portfolio returns and explore whether cyclical differences in premiums lead to asymmetries in the economic value added to investors in recessions and expansions. To do this we apply a simple trading rule that allows us to switch between a style/size portfolio and UK one month Treasury bill (depending on the sign of portfolio's forecasted return). We then assess the differences in Sharpe ratios of the strategy during recessions, expansions and the full sample period relative to a buy-and-hold benchmark.
We find that there is clear evidence of asymmetry in size, value and momentum premium over the economic cycles in the UK. The most pronounced asymmetry is associated with size premium. We document that credit market conditions have the greatest impact on the level of the three premiums in both markets states in our sample. Our trading rule results confirm the asymmetry of the premiums over economic cycles, particularly the size premium. Portfolios of small capitalisation stocks sorted by book-to-market ratios and momentum generate greater Sharpe ratios than the corresponding buy-and-hold strategy in recessions, while in expansions their economic value added is at best equal to that of the buy-and-hold. This simple trading applications shows that our model is able to successfully differentiate between the two market states and lead to profitable trading in the down-market.
The remainder of the paper is organised as follows: Section 2 outlines methodological framework and describes the data; Section 3 discusses the findings before concluding in Section 4.
Data and Methodology

Style Premiums
This study uses monthly UK market data from July 1982 to December 2014. The UK SMB, HML and UMD factor data is from Gregory, Tharayan, and Christidis (2013) 1 , which is comparable with the Fama-French's and Carhart's US equivalents. After sorting on market capitalization, Gregory, Tharayan, and Christidis (2013) form two size groups of UK stocks, namely 'S'-small and 'B'-big by using the median market capitalization of the largest 350 companies in the year 't' as the size break point. Similarly, three book-to-market groups,
named 'H'-High, 'M'-medium and 'L'-Low are formed by using the 30th and 70th
percentiles of book-to-market of the largest 350 firms as break points for the book-to-market.
Six intersecting portfolios: SH; SM; SL BH; BM; BL are formed (where "SH" is the small size high book-to-market portfolio, "SL" is the small size low book-to-market portfolio, "BL" is the big size low book-to-market portfolio and so on). SMB and HML factor are then calculated as:
And, HML= (SH + BH)/2 -(SL + BL)/2 UMD (momentum) factor is constructed using size and prior (2-12 month) returns 2 . The authors create six portfolios, namely SU (small size and high momentum portfolio); SM (small size and medium momentum portfolio); SD (small size and low momentum portfolio); BU (big size and high momentum portfolio); BM (big size and medium momentum portfolio) and BD (big size and low momentum portfolio). The UMD (Up-Minus-Down, i.e. high minus low momentum return) factor is then calculated as:
Note that the components used to form the SMB, HML and UMD factors factor are equally weighted.
Macroeconomic Factors
A selection of the UK macroeconomic variables in this study, namely Industrial Production Index (used as a proxy for GDP), Inflation, Interest rate, Term spread, Credit spread and Money supply, is commonly used in the literature of the predictability of stock returns. Table   1 lays out the variables used in this paper as potential determinants of the changes is style premia across economic regimes; their expected relationship with the SMB, HML and UMD premium respectively, the literature that identifies those relationships, the source of data for each variable as well as any transformation of variables applied.
- Table 1 The relationship between unexpected inflation and size premium is assumed to be negative, because small firms are affected more in the environment of unexpected inflation, ; whereas, the relationship with value premium is expected to be positive. This is because value firms pay high dividends relative to growth firms, they perform better in higher inflationary periods . According to Fisher's theory if the stocks are hedged against inflation one would expect a positive relationship between inflation and stock returns. Hence the intuitive relationship between momentum premium and inflation is positive. We follow Fama and Gibbons (1984) and Zhang et al. (2009) to calculate the unexpected inflation as per Table 1 .
Further, the increase in the short term interest rates affects badly value firms and small cap firms due to their high leverage, uncertainty of cash flows and low durations in general.
Moreover, rising interest rate reflects the worsening of credit market conditions (Perez-Quiros & Timmermann, 2000) and thus interest rates are likely to be negatively correlated with contemporaneous stock returns (Gulen et al., 2008) . The three months Treasury bill is used as a proxy of risk free interest rate.
Term spread can be viewed as an economic activity indicator and it is a proxy for risk premium. In economic upturn the term spread decreases because short term interest rates increase more than long term interest rates. Whereas, during economic downturn short term interest rates decrease and the spread between long and short term interest rates increases.
Term spread may therefore affect expected stock return because it affect the company earnings (Lucas, van Dijk, & Kloek, 2002) . The intuitive relationship between term spread and style premium is positive. We define term spread as the difference between the yield on a 10 year UK government bond and a three-month UK Treasury bill.
Credit spread or default spread has long been used in the literature as a proxy of credit market conditions, se for example Chen et al. (1986) , Gertler, Hubbard, & Kashyap (1990) ; Kashyap, Lamont, & Stein (1994) ; Keim & Stambaugh (1986) , Perez-Quiros and
Timmermann (2000), Griffin, Ji and Martin (2003) , Gulen et al. (2008) , etc. It is obtained as the difference in yields between high yield corporate bond and 10-year UK government bond.
The intuitive relationship between credit spread with value and momentum premium is positive. However, since small firms tend to be newcomers, poorly collateralized and don't have full access to the external financial markets, they have relatively stronger adverse effects than large firms to the worsening credit market conditions. On average, an increase (decrease) in the credit spread is expected to be associated with lower (higher) returns of SMB. Moreover, asymmetries are expected for the credit spread variables since firms are likely to be more exposed to credit market conditions during recession (Perez-Quiros and Timmermann, 2000) 3 .
Finally, the change in money supply proxies the liquidity changes and monetary policy shocks (Gulen et al., 2008) . It also measures the monetary policy shocks that might affect aggregate economic conditions. Intuitively, changes in money supply effects the economic conditions and investment premium as it indicates the credit market conditions. One could expect a higher expected return for an increase in money supply. Small firms are found to be strongly positively affected by lower money supply growth in the study of Perez-Quiros & Timmermann (2000) .
Econometric framework
We assume that, investors' investment decisions differ across different economic regimes and further, we assume the relationships of style factors (size, value and momentum) with macroeconomic variables also vary. To characterize economic regimes in style investment return, Perez-Quiros and Timmermann (2000), Guidolin and Timmermann (2008) , Gulen, Xing and Zhang (2008), Chung, Hung and Yeh (2012) adopt Markov Switching model. The
Markov Switching model, pioneered by Hamilton (1989) , gained popularity for studying the asymmetries across business cycle regimes, (Layton & Smith, 2007) . This model allows shifts from one regime to another and also gives probabilities of such transitions. It also takes into account certain types of non-stationarity inherent in economic or financial time series data that cannot be captured by classical linear models. These economic and financial time series might obey to different economic regimes characterized by economic events such as financial crisis (Jeanne and Masson, 2000) or abrupt economic policy changes (Hamilton, 1988) , which is relevant for our study. From the econometric point of view, the main challenge of estimating Markov Switching model is the un-observability of the prevailing regime (Ammann & Verhofen, 2006) .
The Markov Switching framework of this study closely related to Perez-Quiros & Timmermann (2000) and Gulen et al. (2008) . We model size, value and momentum premium as follows:
Here, = (  ,   ,   ) ′ is the (3×1) vector of three different style portfolio returns, and is normally distributed error term with mean 'zero' and variance 2 , with = {1, 2}, namely regime 1 and regime 2. IP is the Industrial Production growth rate, INF is the inflation; IR is a 3-month Treasury bill, used as a proxy of short term interest rate; TERM is the difference between ten year Government bond and 3-month Treasury bill, representing a term spread; CREDIT is the credit spread defined as the difference in yield between high yield bond and ten year Government bond; ∆ is the log change in money supply, used as a proxy for liquidity changes in the economy.
Following the study of Perez-Quiros and Timmermann (2000), Gulen, Xing and Zhang (2008) and Kim et al. (2012) , this study uses the lag of one-month for Industrial Production growth, Inflation, Interest Rates, Term Spread and Credit Spread; whereas, money supply growth is lagged by two months to allow the publication delay of this variable. The model is estimated by the Markov Switching model with Time Varying Transition Probabilities which is feasible estimation method with non-normal data 4 .
The transition probabilities for the above model are specified as:
Here, is the indicator of regimes for each of the style portfolio and Φ is the cumulative density function of standard normal variable. is the OECD's Composite Leading
Indicator. Prior literature shows that the transition probabilities between regimes are time varying and depend on information variables such as economic leading indicator (see for e.g. Filardo, 1994 , Perez-Quiros & Timmermann, 2000 , Gulen et al., 2008 , Chung et al., 2012 . Layton (1998) argues that, such transition probabilities adjusted by information variables or leading indicators provide very close correspondence to the business cycle chronology. To ensure transition probabilities are accurately defined prior studies used logarithmic lag difference of Composite Leading Indicator. The Composite Leading Indicator is designed to anticipate the turning point of economic cycles relative to trend and continue to signal diverging growth patterns across the corresponding economy. The indicator suffers from back-filling bias, as it is published when 60% of its data is available and revised as more data is included. There is a 2 month publication lag for input data for this indicator so that the data for month 't' is available in month 't+2' 5 . To avoid back-filling bias, we apply CLI indicator with lag 2 in this study (as in Perez-Quiros & Timmermann, 2000 and Gulen et al., 2008) .
Identification of the States
Figures 1, 2 and 3 provide an indication of the relation between the Markov switching states and economic regimes. All three figures display the regime probabilities of being in low volatile regime (regime 1) and high volatile regime (regime 2) for size, value and momentum premium respectively at time t with the conditional information at time t-1. Here, P(S(t)=1) and P(S(t)=2) are the probability of being in regime 1 and regime 2 respectively. The shaded area is the OECD based Recession Indicators for the United Kingdom taken from Federal
Reserve Bank of St. Louis. It can be observed that the predicted probabilities of being in the high volatile (low output) regime coincide with the recessionary period. During that time high probability of value premium being in regime 2 (downturn) is observed. These results further support that the regime 1 is the state of economic upturn and regime 2 is state of economic downturn.
Moreover, we find that that the regime 2 is associated with the high conditional volatility, measured by conditional standard deviation reported in Table 3 for the size, value and momentum premium. These findings are align with those of Schwert (1990) , Hamilton and Lin (1996) , Gulen et al. (2008) , Perez-Quiros & Timmermann (2000) and Kim et al. (2012) .
Given this, it can be inferred that the regime 1 corresponds to economic upturn and regime 2 to the economic downturn, which are characterised by low and high volatilities respectively.
- and 0.766% with the standard deviation of 0.031, 0.032 and 0.041 respectively.
- Table 2 around herePanel B shows the domination of momentum premium with the mean return (and standard deviation) being highest in both regimes. Panel B documents that while the fall in value and momentum premiums in recessions is very marginal, the size premium exhibits a notable change. It shifts from positive (0.36%) in expansions to negative (-0.07%) in recessions, which might indicate the poor performance of small firms during the tight credit market conditions. Decrease in size premium in the downmarket state is also documented by Kim & Burnie (2002) . Further, in the overall sample period (Panel A), all but the SMB premium are significantly negatively skewed with kurtosis higher than 3 in all the cases, implying nonnormal distribution. Similar characteristics are also observed during the two economic cycles. Table 3 reports the parameter estimation of the equation (1) by the Markov switching model.
Markov Switching Model Results
The constant term ( 1 ) in regime 2 is lower than those of regime 1 universally for all the style premiums. This indicates lower expected value of the SMB, HML and UMD after adjusting for the macroeconomic risk factors in the regime 2 then in regime 1. Except for the size and momentum premium in regime 1, all of the constant terms are significant across the regimes. The highest constant is the one associated with the momentum premium in both regimes. Furthermore, while all three constants decrease when we move from regime 1 to regime 2, the greatest change in the magnitude of the constant is associated with value premium (0.6019), albeit its sign remains negative. Therefore, we consider the most notable change is in the size premium, as it is the only one that changes from positive in expansion to negative in recession, which is consistent with our findings from Table 2 . The constants in Table 3 therefore imply that the investors would benefit from holding big capitalization firms with good opportunities of growth in the recessions, but that the premium on holding winners will not be very high. This is in line with Arshanapalli et al., 2004 and French, 1993 who document that firms with small capitalization, high book-to-market ratios and past winners are more likely to be distressed and vulnerable during bad economic conditions and investors will be better off avoiding them.
The magnitudes (in absolute terms) of most of the coefficients of macroeconomic variables are higher during economic downturn than economic upturn suggesting that, investors require greater compensation for higher macroeconomic risk (Black and McMillan, 2005) . This is most evident for the value premium, where all the coefficients are higher during economic downturn, hinting that investors require additional compensation for holding the extreme book-to-market portfolio. The magnitude of responsiveness of the momentum premium to changes in regimes is comparatively lower.
- Table 3 around here - Table 3 also reveals the positive relationship between the growth in industrial production and all the premiums in regime 1. When the economy is doing well a further increase in the growth of industrial production signals increase in small cap, value and premium on winner stocks, as the literature (see Table 1 ) suggests. In contrast, in the recessions, growth in industrial production decreases premium of small cap stocks. The reason for this may be the fact that small cap companies are mainly in industries that are cyclical in nature (industrials, technology, consumer discretionary) and heavily affected by recessions, so even if the industrial production grows in the recession it does not improve returns of small caps until the recession is over. We also find that change in industrial production growth has no impact on momentum premium and a positive impact on value premium in recessions.
The coefficients of inflation for size premium are 0.278 and -0.002 during regime 1 and regime 2 respectively. The positive and significant relationship in economic upturn implies that small capitalization stocks benefit from inflation, as the small firms find it relatively easier to pass along price increases in inflationary times, an argument provided by Anderson (1997). The negative relationship, although insignificant, between size premium and inflation during regime 2 confirms the views of Chan & Chen (1991) , Kelly (2003) and Zhang et al (2009) that small firms are affected more in the environment of unexpected inflation during adverse economic conditions and are less likely to survive adverse economic states. Since value firms pay higher dividends than growth firms, they perform better when inflation increases, as suggested by Zhang et al (2009) . We confirm this positive relationship between value premium and unexpected inflation in both economic states (it is highly statistically significant in regime 2). Finally, momentum premium and inflation exhibit positive and significant relationship in economic upturn suggesting that past winners are at an advantage in periods of increasing inflation. The relationship is found to be insignificant during economic downturn.
According to credit channel theory of monetary policy (Bernanke and Gertler, 1995) monetary tightening increases the financial costs and restricts the access to external financing. This monetary tightening has stronger effect to the firms in poorer financial positions. Our findings are in line with this theory, suggesting that since small firms tend to be low duration firms with high leverage and cash flow problem, higher interest rates will restrict their access to external financing. This relationship is positive in economic downturn, albeit insignificant. Further, we find support for a positive relationship between value premium and interest rates over both regimes. This is consistent with Black and McMillan (2005) , indicating that value investors seek higher returns to compensate increased returns on competing assets. Finally, the increase in interest rates by 1% decreases momentum premium by 0.14% in regime 2, which is significant at 10% level. Hence, past winners are more adversely affected by the changes in short term interest rates in economic downturns than past losers. Although similar relationship is found in regime 1, it is insignificant.
The relationship between the term structure and size and value premium respectively exhibits asymmetries in our findings over economic regimes. Aretz, Bartram & Pope (2010) argue that shocks to term structure will have greater effect on larger firms than on the smaller ones and hence a positive relationship is expected between term spread and size premium and our results confirm this view in economic downturn. Further, similar to Gregory, Harris, & Michou (2003) , we find that during expansion a steepening in the yield curve has greater positive effect on value premium. However, this effect is found to be negative during economic downturn where the spread is larger. Moreover, the negative relationship between term spread and momentum premium indicates that the past losers benefit from the steepening of yield curve both in economic expansion and recession.
An increase in credit spread commonly interpreted as a sign of worsening credit market conditions. One would expect positive relationship between credit spread and style premiums on average and we find evidence that corroborates this in both regimes. We document a positive coefficient of credit spread with size and value premiums during both economic
states. This finding coincide with the findings of Fama and French (1988) ; Fama and French (1989) . This might indicate that small and value firms require greater compensation of taking higher risk when the credit spread is higher. However, during expansion the coefficient of credit spread is negative for momentum premium, indicating that past losers enjoy higher return than past winners during economic upturn. Higher magnitudes of credit spread during recession for size and value premiums indicate that firms that exposed to tightening credit market conditions respond more to increased credit risk during bad economic conditions.
Money supply growth appears to show asymmetries with value premiums. Positive coefficients of money supply growth during expansion indicate that value firms take the advantage of higher money supply during expansion. However, this relationship is negative during economic recession. One possible explanation can be value firms are exposed more to the economic downturn and keep safe position despite of higher risk premium. It is also possible that growth firms take the advantage of higher money supply despite of the higher risk in economic downturn. A positive relationship with size and momentum premiums is found during both economic cycles, indicating that both the small firms and past winners take the advantage of money supply growth in both economic conditions.
Overall, our results clearly show the evidence of cyclical asymmetry in size, value and momentum premium. The greatest cyclicality is documented with size and value premiums.
Size premium changes sign from being positive in expansion to negative in recession while momentum exhibits the greatest magnitude change. Macroeconomic variables that proxy credit market conditions (term spread and credit spread), industrial production growth and money supply are found to impact the three premiums the most in both high and low volatile market states. - Table 4 around hereTo identify the significance of regressors in the model, the likelihood ratio test for redundant variables is performed. Likelihood ratio rest is being performed under the null hypothesis = 0, = , , ; = 1,2,3,4,5,6; to identify the significance of each regressor, namely industrial production growth, inflation, interest rates, term spread, credit spread and money supply growth. Table 5 reports the likelihood ratio test of redundant variables for the estimated Time Varying Markov Switching model.
Model Diagnostics
- Table 5 around hereWith the exception of industrial production growth and money supply in determining the momentum premium, the likelihood ratio test is significant for all of the regressors in size, value and momentum premiums. These results corroborate the significant impact our chosen macroeconomic variables have on the three premiums.
Regimes robustness check
The robustness of the model in this study is examined by using different information variable for determining Markov switching model regimes. Parameters of Markov Switching Model are estimated by using industrial production index with lag 1 as an alternative information variable in modelling transitions probabilities instead of composite leading indicator lagged by two periods. If the IP t-1 >0 it is considered as expansionary period and if IP t-1 <0
recessionary. The results in table 6 indicate that our model is robust to the variable used to define the stages of economic cycle. In fact, the alternative measure is more in-line with theoretical and empirical predictions, such as ones documented in Table 1 . Credit market variables still remain significant in both regimes for all the premiums.
- Table 6 around hereWhile we have shown which variables explain better the value, size and momentum premiums in various regimes, the model's accuracy in predicting actual size/style portfolio returns and usefulness in generating profits for investors in different regimes remains to be tested.
Forecasting accuracy and economic value of the model
Forecasting accuracy of the model
We probe the practical application of our model from equation (1) by measuring how accurately it can predict returns of eight size/style portfolios available from Gregory, Tharayan, and Christidis (2013) database, namely: small cap-value, small cap-growth, large cap-value, large cap-growth, small cap with-negative momentum, small cap with-positive momentum, large cap with-negative momentum and large cap with-positive momentum. Our data sample is split into 306 in-sample months and 78 out-of-sample (trading) months.
Standard measures to assess forecasting accuracy are applied such as root mean squared error (RMSE), mean absolute error (MAE) and Theil's inequality coefficient (U). The RMSE, MAE and Theil's inequality coefficient is defined as:
Here, ̂+ 1 and +1 are the observed and predicted value respectively. book-to-market or positive/negative momentum stocks) by and large confirms the better forecasting accuracy over large firm portfolios.
- Table 7 around hereCompared to the book-to-market sorted portfolios, variance proportions from Theil's inequality coefficients of all the momentum portfolios are larger, suggesting that the actual series has fluctuated considerably whereas the forecast has not, i.e. observed returns have higher variance than predicted returns.
Broadly speaking, the results from Table 7 imply that our model is more effective when forecasting returns of portfolios with small cap features and less effective when forecasting those with larger size and with (particularly negative) momentum features. We will therefore test whether our forecasting model leads to a trading strategy with superior risk-adjusted returns when it comes to small cap style portfolios, as suggested by the statistical loss functions.
Economic Profitability of the model
To assess the economic profitability of our model, we use similar asset allocation approach to that given in Perez-Quiros and Timmermann (2000) . We start by applying our model to each We compare each portfolio switching strategy to the corresponding buy-and-hold benchmark.
Buy-and-hold is defined as the investment in the relevant size/style sorted portfolio over the entire 78-month trading period. The risk-adjusted profitability of the switching strategy for each portfolio vs. its buy-and-hold benchmark is measured by the Sharpe ratios. To assess the feasibility of our allocation strategy, we calculate the break-even level of transaction costs per switch for each portfolio. Those are maximum costs per trade that will equalise the Sharpe ratio of the switching strategy to that of the buy-and hold benchmark. The higher the breakeven transaction costs are, the more feasible our strategy is. Table 8 Alternating between large cap firms sorted on book to market and the risk free rate does not lead to above-benchmark profitability in any instance.
- Table 8 around here -
The key findings in Table 8 regarding differences in premiums across economic regimes can be interpreted as absolute (level changes) and relative (compared to buy and hold). In absolute terms, premiums per unit of risk (Sharpe ratios) on all portfolios decrease when we move from expansion to recession state. This is coherent with our Markov switching model results which show a drop in size, value and momentum premiums in recession. In our trading period, the drop in Sharpe ratios is highly influenced by the strong negative returns of all portfolios during the period of global financial crisis 2007-2010. Tightening of credit market conditions, which we found to have the strongest impact in determining the size of the three premiums, is a likely cause of this drop.
In relative terms, our findings are in line with those in Perez-Quiros and Timmermann Specifically, the average Sharpe ratio across four small size switching portfolios is by 0.12 higher than that of the buy-and-hold strategies in recessions. In expansions, it is lower by 0.02 on the average. Their outperformance in recession is distinct at a feasible level of breakeven transaction costs per trade, even for smaller investors. This finding is of particular importance to practitioners, as it proves that our model can successfully differentiate between economic states and that significance of our forecasts has both statistical and economic value.
Summary and conclusions
This paper sheds light on asymmetries in the UK size, value and momentum premium and identifies the main drivers of these premiums in varying market conditions. We focus on UK SMB, HML and UMD factors defined by Gregory, Tharayan, and Christidis (2013) in the period January 1982 to December 2014. Employing Markov switching methodology, we find evidence in strong support of asymmetry in premiums across Markov switching regimes. Our analysis of regimes related to OECD's Composite Leading Indicator prompts us to conclude that Markov switching regime 1, associated with lower conditional volatility coincides by and large with economic upturns and vice versa for regime 2. We find that all three premiums vary across regimes but that most asymmetries are observed in the size premium.
Following the US literature, we test whether the growth in industrial production, inflation, interest rates, term structure, credit spread and money supply are valid determinants of those cyclical variations in UK equity return premiums. We corroborate findings from the US markets in that macroeconomic factors are drivers of equity premiums in both economic upturn and downturn. The strongest impact on size, value and momentum premium have variables that proxy credit market conditions, namely interest rates, term structure and credit spread.
Finally, we examine the statistical accuracy of our model in forecasting size/style portfolio returns and the economic implications of the asymmetries in size, value and momentum premiums on those portfolios. Using eight portfolios sorted on distinctive size/style/momentum combinations we find that simple trading strategy with portfolios featuring small cap characteristics generate better risk-adjusted performance relative to the buy and hold strategy and relative to the comparable large cap portfolios. Further, we find evidence of cyclicality of equity premiums in both absolute and relative terms. In absolute terms, all trading strategies based on eight style/size portfolios exhibit a drop in Sharpe ratios in the recession. In relative terms, all small cap switching strategies and large cap/negative momentum switching display relative outperformance over their buy and hold benchmarks in recessions, but not in expansions. This implies that forecasts based on our model have not only statistical but also strong economic significance for investors.
This paper can be extended following Clare, Sapuric and Todorovic (2010) and Ammann & Verhofen (2006) . Specifically, multi-style rotation strategies, highly applicable particularly among hedge fund investors can be deployed in high and low volatility regimes using forecasting models based on macroeconomic variables suggested in this paper.
Figure 1: Time Varying Probability of Being in High and Low Volatile Regimes for Size Premium
This figure displays the regime probabilities of being in low volatile regime (regime 1) and high volatile regime (regime 2) for Size premium at time t with the conditional information at time t-1. Here, P(S(t)=1) and P(S(t)=2) are the probability of being in regime 1 and regime 2 respectively. The shaded area is the OECD based Recession Indicators for the United Kingdom. Smoothed Regime Probabilities (SMB)
Figure 2: Time Series Probability of Being in High and Low Volatile Regimes for Value Premium
This figure displays the regime probabilities of being in low volatile regime (regime 1) and high volatile regime (regime 2) for Value premium at time t with the conditional information at time t-1. Here, P(S(t)=1) and P(S(t)=2) are the probability of being in regime 1 and regime 2 respectively. The shaded area is the OECD based Recession Indicators for the United Kingdom. This figure displays the regime probabilities of being in low volatile regime (regime 1) and high volatile regime (regime 2) for Momentum premium at time t with the conditional information at time t-1. Here, P(S(t)=1) and P(S(t)=2) are the probability of being in regime 1 and regime 2 respectively. The shaded area is the OECD based Recession Indicators for the United Kingdom. Smoothed Regime Probabilities (UMD)
28 (2010), Black & McMillan (2002) , Griffin, Ji, & Martin (2003) , Liu & Zhang (2008) ; Mouselli, Michou, & Stark (2008) , etc. .20168 (0.0000)*** * **Implies the significance at 1% level of significance, i.e. the hypothesis of normality is rejected. ** Implies the significance at 5% level of significance, i.e. the hypothesis of normality is rejected. *Implies the significance at 10% level of significance, i.e. the hypothesis of normality is rejected.
Table 3: Parameter estimation of Markov Switching Model
The estimated two-state Markov switching model is:
Here is the return of size, value and momentum factors. IP is the industrial production growth, INF is the realized inflation, and IR is the short term interest rate. TERM is the term spread, CREDIT is the credit spread and ∆M is the growth of money supply; and is the OECD's Composite Leading Indicator. The values in the parentheses represent the p-values.
SMB HML UMD
Regime 1(Expansion) 
Here is the return of size, value and momentum factors. IP is the industrial production growth, INF is the realized inflation, and IR is the short term interest rate. TERM is the term spread, CREDIT is the credit spread and ∆M is the growth of money supply; and is the OECD's Composite Leading Indicator. The p-value of likelihood ratio test indicates the probability of the insignificance of corresponding regressor. 
Likelihood
Alternative Information Variable in Modelling Transitions Probabilities
Here is the return of size, value and momentum factors. IP is the industrial production growth, INF is the realized inflation, and IR is the short term interest rate. TERM is the term spread, CREDIT is the credit spread and ∆M is the growth of money supply; and is the Industrial Production index of UK. The values in the parentheses represent the p-values.
SMB HML UMD
Regime 1(Expansion) Trading results are based on the monthly switching between the eight style portfolios (namely: small growth (SL), small value (SH), big growth (BL), big value (BH), small losers (SD), small winners (SU), big losers (BD) and big winners (BU)) and T-bills. A long position in the relevant style portfolio is taken if its return from the recursively predicted by the model is positive, otherwise we invest in one month T-Bill. The buy-and-hold strategy represents the investment in the corresponding style portfolio over the trading period. Annualized mean returns, standard deviations and Sharpe ratios are reported for each style portfolio switching strategy and its buy-and-hold benchmark. The number of switches denotes number of times we switch between the given style portfolio and one month T-bill during the trading period. Break-even transaction costs are maximum costs an investor would pay per switch that equalise the Sharpe ratio of the switching strategy and that of the buy-and-hold. Negative (zero (0.0)) break-even transaction costs imply the Sharpe ratio of the switching strategy was lower (equal to) the Sharpe of the buy-and-hold. Bold denotes the breakeven transaction costs per switch that are large enough to imply the switching strategy is feasible. Panel A reports findings for Small size portfolios and their subgroups while Panel B for large cap portfolios and their subgroups. All results are reported for full out-of-sample period, expansions and recessions separately. 
PANEL A
